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Figure 1
Figure 2
Conclusions: The study results reveal a signiﬁcant relationship
between normalized GAGs and BMI in this population of os-
teoarthritic patients. Higher patient BMI (>30 kg/m2) may be
similar to dynamic compression injuries that cause increased
GAG synthesis in response to cartilage damage. The lack of
signiﬁcance at day 5 and 13 may be the result of OA tissue
variability and signiﬁcance may be achieved with increased sam-
ple numbers. In conclusion, elevated normalized GAGs in obese
patients’ chondrocytes suggests increased cartilage damage.
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THE EXPRESSION OF NOTCH SIGNALING
COMPONENTS IN OSTEOARTHRITIS
P.G. Alexander, S.M. Koehler, R.S. Tuan
National Institutes of Health, Bethesda, MD
Purpose: This study aims to investigate the role of Notch sig-
naling in the pathogenesis of osteoarthritis (OA). The Notch sig-
naling pathway is a highly conserved signaling system that plays
a critical role in cell proliferation, differentiation, and apoptosis
in the context of stem cell differentiation. Thus, aberrant regula-
tion of Notch signaling may adversely affect cartilage repair by
altering chondrogenesis of mesenchymal stem cells (MSCs) in
diseased tissue.
Methods: Human OA cartilage was obtained from surgical waste
material following total knee arthroplasty or from normal joint tis-
sue (from the National Disease Research Interchange). Human
chondrocytes (hCh) and bone marrow MSCs were isolated using
established methods. Quantitative RT-PCR was utilized to ana-
lyze transcript levels of Notch signaling components in OA and
normal tissue and monolayer cultures of hChs and MSCs. His-
tological staining was performed with H&E, alcian blue, alizarin
red, Fast Green, and Safarin O. MSCs and hChs were cultured
in high-density pellets in serum-free chondrogenic medium. To
mimic OA conditions, pellets cultures were treated with 0.1 ng/mL
IL-1β for 21 days. Harvested pellets were analyzed histologically
and for gene expression as described above.
Results: Expression of Notch1, Notch2, Jagged1, and Delta1 is
down regulated in OA compared to normal cartilage 200-, 12-,
34-, and 30-fold, respectively (Fig. 1). Notch1 expression is highly
expressed in normal cartilage, absent in monolayer hChs, and
similarly expressed in monolayer MSCs and OA cartilage. During
MSC chondrogenesis in vitro, Notch1 is down regulated in the
IL-1β treated cultures compared to expression in the untreated
cultures at days 7 and 21 (5- and 65-fold, respectively) (Fig. 2).
Notch2, Notch3, Jagged1, and Delta1 expression decrease from
day 7 to 21 with or without IL-1β treatment. In addition, Sox9
is also down regulated in the treated compared to untreated
cultures at days 7 and 21 (18- and 5-fold, respectively) (Fig. 3).
In comparison, during chondrogenesis of hChs in vitro, Notch1
increases in untreated cultures from day 7 to 21 (5-fold), but is
unexpressed in day 21 IL-1β treated hChs (Fig. 2). All Notch
components are expressed at lower levels in untreated hChs
compared to treated. Overall, chondrogenesis gene expression
was down regulated in IL-1β treated cultures (Fig. 3).
Conclusions: The down regulation of notch components in OA
cartilage suggests that its poor regenerative capacity may be
related in part to reduced chondrogenic differentiation of chon-
droprogenitor cells. Support is provided from the results of the
MSC in vitro chrondrogenesis study - under OA conditions, i.e.,
IL-1β treatment, Notch expression is down regulated and chron-
drogenesis is impaired. For hChs, in vitro chondrogenesis is
accompanied by increased Notch expression, whereas chon-
drogenesis gene expression is decreased under OA conditions.
Therefore, hChs appear to dedifferentiate and are prevented to
undergo chondrogenesis in the presence of IL-1β. Similar cellu-
lar reactions may also take place under OA conditions in vivo,
resulting in a decrease of hChs and MSCs able to undergo
chrondrogenesis; instead, the cells may differentiate into alterna-
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tive lineages, contributing to the inappropriate remodeling in OA.
Taken together, our results suggest the Notch signaling pathway
plays an important role in the pathogenesis of OA via potentially
impairing the repair capacity of the diseased tissue.
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MAPK INHIBITOR ON MATRIX METALLOPROTEINASE IN
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Purpose: The primary aim of this study was to investigate, using
an experimental rat model of osteoarthritis(OA), the effect of a se-
lective p38 mitogen activated protein kinase inhibitor,SB203580,
on the development of structural changes.Additional aims were
to assess the effects of the inhibitor on levels of matrixmetallopro-
teinase 3 (MMP-3) and MMP-13(collagenase 3) in OA cartilage
and to explore the relation between the MMP-3,13 expression
and the severity of OA.
Methods: OA was induced in 40 SD rats by anterior cruciate
ligament transection (ACLT).After surgical, rats with OA were
randomly divided into A_D groups: Rats of group A received
0.1 ml intra-articular injection of SB203580 at high concentration
of 100um/L. Each treatment started immediately after surgery,
once a week;those in group B were treated under the same
condition using SB203580 with low concentration of 10um/L and
those in group C received 0.1ml of intra-articular 0.9% Sodium
Chloride injection,animals of group D were not injected as con-
trols after ACLT. The animals were killed 8 weeks after surgery.
Macroscopicand histologic studies were performed on the carti-
lage. The levels of MMP-3,13 in OA cartilage chondrocytes were
evaluated by immunohistochemistry and western-blotting.
Results: All ACLT knees demonstrated osteoarthritic changes.
Cartilage degradation in the control group was signiﬁcantly more
severe than that in the experimental group both on the macro-
scopic grading scale and on Mankin’s grading scale(P <0.05).
Immunohistochemical study showed that in the experimental
group MMP-3,13 was predominantly expressed in the superﬁcial
and upper intermediate layers of cartilage, and the amount of
MMP-3,13 in the experimental group was also lower than that in
control group(P <0.05). In western-blotting the amount of MMP-
3,13 was reduced by the treatment of the inhibitor. The protein
levels of MMP-3 and MMP-13 in cartilage of inhibitor injection
groups were signiﬁcantly lower than those of Sodium Chloride
group and untreated group. There was no signiﬁcant difference
in MMP-3 and MMP-13 expression between the different con-
centration inhibitor injection groups. No signiﬁcant difference in
MMP-3 and MMP-13 expression in cartilage was found between
Sodium Chloride group and control group.
Conclusions: This study demonstrates that, in vivo,SB203580,
a selective inhibitor of p38MAPK, can partially decrease the de-
velopment of some of the structural changes in the early phases
of experimental OA and signiﬁcantly reduces the severity of car-
tilage degradation. This effect was associated with a reduction in
the level of MMP-3,13 in OA cartilage, which probably explains
the action of the drug and thus may be a potential drug for the
treatment of OA.
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Purpose: Mechanical loading of articular cartilage inﬂuences
the metabolism of extracellular proteoglycan and collagen matrix
and thereby alters the osmotic environment surrounding chon-
drocytes. Previous studies have identiﬁed the presence of the
stretch-activated cation channels, mechanosensitive K+ chan-
nels and volume-sensitive Cl- channels (ICl,vol) in chondrocytes,
suggesting that these mechanosensitive ion channels contribute
to cell volume regulation. Pathological swelling of chondrocytes
observed in osteoaethritic (OA) cartilage may be ascribed at
least partly to the impairment of channel function involved in the
volume-regulatory process.The present study was designed to
elucidate the mechanisms underlying activation of ICl,vol in rabbit
articular chondrocytes using whole-cell patch-clamp method.
Methods: Rabbit cartilages were collected from bilateral knee,
hip and glenohumeral joints of male animals weighing 2.0 to 3.0
kg. The cartilage was dissected into slices and cultured in DMEM
for 1-3 days, and chondrocytes were isolated by enzymatic diges-
tion on the day of experiments. Whole-cell membrane current was
recorded during exposure to isosmotic (300 mOsm), hyposmotic
(210 mOsm) and hyperosmotic (350 mOsm) external solutions
under conditions where Na+, K+ and Ca2+ currents were mini-
mized. In some experiments, the stretch-activated cation current
was also blocked by external application of 30 µM Gd3+.
Results: Exposure of chondrocytes to the hyposmotic solution
resulted in a cell swelling (27.0±2.7% increase in diameter, n =
28), which was accompanied by the activation of ICl,vol . External
application of tyrosine kinase inhibitor genistein (30 µM) partially
(42.0±14.3%, n = 7) and reversibly blocked ICl,vol but its inactive
analogue daidzein (30 µM) had no effect. On the other hand,
intracellular application of tyrosine phosphatase inhibitor ortho-
vanadate (250 and 500 µM) via a recording pipette gradually
activated an outwardly rectifying current with a reversal potential
(-20.3±0.58 mV, n = 13) close to the predicted Cl- equilibrium
potential (ECl- = -18.3 mV) even under isosmotic condition. This
orthovanadate-evoked current was almost completely abolished
by the stilbene-derivative Cl- channel blocker DIDS (dihydro-4,4’
diisothiocyanostilbene-2,2’-disulphonic acid, 500 µM) and was
also largely reduced by cell shrinkage caused by exposure to
hyperosmotic solution. These observations indicate that ortho-
vanadate activates a Cl- conductance which is sensitive to cell
volume change. Pretreatment of chondrocytes with genistein sig-
niﬁcantly prevented the activation of Cl- current by othovanadate,
suggesting that the basal activity of tyrosine kinase is required
for the orthovanadate-evoked activation of Cl- current.
